Snowshoe hare (Lepus americanus) is an important prey species for many Carnivora and has strong influences on community structure and function in northern forests. An understanding of within-stand (microsite) forest structural characteristics that promote high use by hares is important to provide forest management guidelines. We measured forest structural characteristics at the microsite-scale in north-central Maine and used an information-theoretic modeling approach to infer which characteristics were most strongly associated with use by hares during winter. We measured overwinter hare pellet density to model relationships among microsite-scale vegetation structure and hare use. Overwinter pellet density was positively associated with live stem cover (3 × coniferous saplings + deciduous saplings) and negatively associated with overstory canopy closure; the two variables explained 71% of the variation in microsite use by hares. The highest pellet densities were in grids with canopy closure <72% and stem cover units >22,000 stems/ha. Silvicultural practices that create dense areas of conifer and deciduous saplings should receive high within-stand use by hares in winter. These conditions can be achieved by promoting the release of advanced regeneration and reducing overstory cover to encourage establishment of shade-intolerant species; clearcutting is one such silvicultural prescription to achieve these conditions.
Introduction
Snowshoe hare (Lepus americanus) have been reported to strongly influence community structure and function in northern boreal forests [1] and is an important prey species for many Carnivora including coyotes (Canis latrans) [2] [3] [4] , fisher (Martes pennanti) [5, 6] , American marten (Martes americana) [7] [8] [9] , bobcat (Lynx rufus) [3] , red fox [3, 10] , and Canada lynx (Lynx canadensis) [11, 12] . Of special importance is the Canada lynx, which is designated as federally threatened in the lower 48 US [13] and is listed as provincially threatened (New Brunswick) or endangered (Nova Scotia) in some provinces of Eastern Canada. The lynx is a specialist on snowshoe hares [11, 12] , and habitat use by lynx is closely associated with density of hares [4, [14] [15] [16] [17] [18] .
Survival of snowshoe hares may be lower in forest stands with little understory cover [2, 19, 20] , and overall survival depends on stand-specific hare density, presence of predators, and the hunting success of predators [21] . The refugium of hares from predation that is provided by dense stands is evident during the lows in the snowshoe hare cycle when the few surviving individuals persist in patches of dense vegetation [22] . Silvicultural practices or large-scale natural disturbance events (e.g., blowdowns and insect kills) that promote the development of stands with dense understory structure have been recommended to decrease the visibility of hares to predators [17] . However, hares exposed to terrestrial predation during a cyclic low in the population did not use more protected habitats and did not modify their foraging behavior to reduce the risk of predation [23] , suggesting that behavioral plasticity of hares may be limited (i.e., they may select for dense understory structure across a range of hare and predator densities).
At the scale of the forest stand, vegetation structure is more important than species composition for snowshoe hares [24] . Important forest structural characteristics for hares include understory lateral foliage density [24] [25] [26] and canopy closure [27] , but see Wirsing et al. [28] . Additionally, density of snowshoe hare across stands is positively associated with dense understories of saplings and/or shrub-sized woody vegetation [25] [26] [27] [28] [29] [30] with abundant horizontal cover [31] that provides hares cover from predation [2, 20, 32] and a source of browse [26, 33] . At the scale of the forest stand, there was a strong relationship between hare density and stem cover units (SCU = 3 × coniferous saplings + deciduous saplings) in eastern and western Maine, USA; SCUs were an important determinant of between-stand differences in hare density [26] . The variable SCU adjusts for a difference in visual obstruction of softwood stems; therefore, high values were inferred to indicate greater thermal or predator escape cover for hares [26] . Other studies from Maine indicated that standscale density of hares was highest in regenerating clearcuts [9, 34] where understory stem densities were greatest, and densities of hares were an order of magnitude greater than other stand types [9] . Densities were intermediate in clearcut stands where regenerating understory was thinned [34] and were lowest in mature and recent partially harvested stands where understory stems were relatively sparse [9] . Contrary to results from Maine, woody stem density was not a significant predictor of hare pellet counts in Wyoming, but horizontal cover was significant [31] ; this suggests that functional needs of hares for thermal and escape cover may be met in different ways in different regions.
Most studies investigating the relationship of vegetation structure and snowshoe hares have focused on hare density across stand types, or the relationship between hare density and structural characteristics. A notable exception was a study conducted in the Yukon Territories, Canada, which reported that 83% of hare browsing occurred within 1 m of cover [23] . Thus, a better understanding of how within-stand patchiness and structural variability within stands affects microsite-scale use by hares could provide recommendations for silvicultural activities that promote the fine-scale structural requirements of hares. Further, knowledge of withinstand habitat use by hares may facilitate inferences about structural features important to maintain in managed forests. Smaller microsite or within-stand scale studies that are at a scale smaller than the home range size of hares and that do not focus on hare density are not common (but see foraging studies by Hodges and Sinclair [23] and Wolfe et al. [25] and within-stand hare use studies by Ausband and Baty [35] ) but could offer insights into use of specific structural elements within stands. Further, there should be no assumption that hares would use the same structural features across all spatial scales.
Thus, we identified within-stand scale structural attributes that are important in describing why individual hares use particular forest structural characteristics on 0.49 ha grids at a scale that was a magnitude smaller than the area of a hare home range (4.8-7.4 ha) in Maine [36] and well over a magnitude smaller than the size of forest stands (>12.1 ha) in which our grids were imbedded. We modeled the relationship of snowshoe hare fecal pellet density with forest structure using an information-theoretic approach and evaluated relative differences in pellet density as related to forest structure across microsite plots.
Materials and Methods

Study Area. Our study area (138 km
2 ) was located in 2 townships in north-central Maine (T4 R11 WELS and T5 R11 WELS). The area was managed for pulpwood and saw timber, and approximately 56% of the area was clearcut during . Dominant species in second-growth deciduous stands included red maple (Acer rubrum), sugar maple (A. saccharum), American beech (Fagus grandifolia), paper birch (Betula papyrifera), and yellow birch (B. alleghaniensis). Second-growth coniferous forests were composed of balsam fir (Abies balsamea), red spruce (Picea rubens), and white pine (Pinus strobus). Forests regenerating from clearcutting were primarily composed of balsam fir, red spruce, red maple, paper birch, and raspberries (Rubus sp.). This study area was described in detail by Fuller and Harrison [9] .
Snowshoe Hare Pellet Count Survey Methodology.
We used overwinter fecal pellet counts as an index of microsite use within stands. Fecal pellet counts [37] [38] [39] have been used as a reliable index of overwinter abundance of snowshoe hares [22, 37, [40] [41] [42] [43] . For our approach, we were not interested in estimating abundance or density, but, rather, we simply used pellet counts as an index to hare use within microsite plots. We established 300 pellet plots and counted hare pellets one grid was sampled in each stand. Data from each of the 12 plots per grid were pooled to represent average conditions within the 25 grids. Grids were placed within overstory types that included regenerating clearcuts (11-20 years old; n = 7; 5 in 1996, 2 in 1998), second-growth mixed coniferousdeciduous (n = 7 grids; 3 in 1996, 4 in 1998) stands, secondgrowth mixed stands that were recently (3-6 years after harvest) partially harvested (n = 7; sampled in 1998), secondgrowth deciduous (n = 2; 1 in 1996, 1 in 1998) stands, and second-growth coniferous (n = 2; 1 in 1996, 1 in 1998) stands to ensure that the habitats that we sampled included the range of conditions found within dominant silvicultural treatments and stand conditions in our study area. Our analyses were designed to evaluate microsite or within-stand scale use of forest structure by hares using the relative difference in pellet densities across the range of within-stand structural variables that hares would typically encounter and were not intended to provide predictions of hare density across stands. Plots were cleared of all pellets during October of 1995 and 1997, and pellets deposited during winter and prior to emergence of deciduous leaves were counted during May of the following year. Clearing pellets avoided the potential confounding effects of seasonal variation in pellet deposition rates, diet quality, and decomposition rates of pellets [43, 44] and likely increased precision [45] . We averaged values across the 12 plots within each sampling grid.
Forest Structure Sampling.
We measured forest structure variables on the hare pellet plots; therefore, the vegetation measurements correspond to structural characteristics at the same location as pellets were deposited. We measured structural variables on 10 m × 2 m rectangular plots during summers 1995 and 1997. We measured density of coniferous and deciduous saplings (<7.6 cm dbh, 0.5-1.5 m height, alive), percent overhead canopy closure using a spherical densiometer [44] , and basal area of live deciduous and coniferous trees using a 2 m 2 /ha wedge prism. Understory lateral foliage density was estimated by recording visual obstruction for each 0.5 m zone (0-0.5, 0.5-1.0, 1.0-1.5, and 1.5-2.0 m) on a 2.0 m cover pole as the percent of 0.1 m bands ≥25% obstructed by vegetation [46] . We averaged each habitat variable across 12 sampled plots to produce an average value within each 0.49 ha grid. We screened for multicollinearity with a Pearson correlation matrix ( ), and, based on the recommendation by Burnham and Anderson [47] , we retained all variables with | | ≤ 0.95.
Snowshoe Hare Model.
We evaluated alternative linear regression models to determine which forest structural variables best described microsites with the greatest density of snowshoe hare pellets. We examined the assumption of normal errors with normal probability plots and Lilliefor's test and examined the data for constant variance with plots of the residuals [48] . We transformed data exhibiting heteroscedasticity or nonnormal errors. Our set of biological hypotheses was based on within-stand variables known to influence snowshoe hare density and or risk of predation, and we therefore did not record species of trees or saplings, but rather their overall density or basal area. We considered understory lateral foliage density, which is predicted to influence hare densities via lateral visibility to predators [25] [26] [27] . Overhead canopy closure and basal area of trees and snags were included as variables for their potential to reduce understory density, which could potentially increase the visibility of predators of hares. We included the four single variable models (SCU, canopy closure (CC), basal area (BA), understory lateral foliage density (ULFD)), a global model, and 3 models with 2 variables (SCU + CC, CC + ULFD, ULFD + BA). Stem cover units and overhead canopy closure were included in a model because dense overhead cover is likely to reduce density and diversity of understory stems and, hence, abundance of hares. We included two models that described variables related to access to hares by avian and mammalian predation. Both models included ULFD because of its potential association with access to hares and visibility by predators. Canopy closure was added to one model and basal area to the other to determine which was more important in combination with ULFD. We also evaluated a year-only model since we include plots that were sampled in two different years. Pellet density (pellets/ha/month) was used as the dependent variable in our models. Pellet data were averaged across the 12 plots within each 0.49 ha grid, representing a sample size of 25 grids.
We used an information-theoretic approach based on Kullback-Leibler (K-L) information to rank multiple a priori models selected based on previously defined relationships between snowshoe hare abundance and vegetation variables that were biologically meaningful. We computed AIC c , the second-order AIC for small sample size, and Akaike weights ( ) and made inferences from these models following the methods of Burnham and Anderson [47] . We calculated AIC c using the residual sum of squares from least-squares models [47] . We rescaled AIC c values relative to the best model, which received a ΔAIC c value of zero. This model was considered the best model to approximate the data given the set of models considered. Values of ΔAIC c from 0 to 2 were considered to have substantial support as being the K-L best model of the candidate set [47] . We also calculated the likelihood of the model (exp((−1/2)Δ )) to determine the relative strength of evidence for each model.
Results
Snowshoe Hare Model.
Average canopy cover among the 25 microsite grids sampled was 65.56% (SE = 6.05), basal area averaged 20.71 m 2 /ha (SE = 2.98), stem cover units averaged 14,376/ha (SE = 2,406), and understory lateral foliage density averaged 55.95% (SE = 4.52).
Correlation among variables was < |0.83| (Table 1) . We used a squared transformation of canopy closure to meet parametric assumptions of normality [49] . The top ranked model (ΔAIC c = 0.00, likelihood = 1.00, adjusted 2 = 0.71, Table 2 Table 2 ). The combined Akaike weights for the top two models were 0.96 ( Table 2 ), suggesting that SCU and canopy closure are the 2 most important variables among the suite of variables considered and best explain areas that had the greatest use by snowshoe hares within the 25 microsite grids that we sampled. We note that one pellet grid had pellet density and SCU greater than twice that of all other grids (Figure 3(b) ), and this data point may have been influential. There was no effect of year on our estimates of pellet density.
Average pellet density within microsite grids with <77% canopy closure was 16,431 pellets/ha/month (SE = 6,332, n = 11). When canopy closure exceeded 77%, pellet density was reduced to <8,000 pellets/ha/month ( = 977, SE = 563, n = 14). Microsites with stem cover units ≥22,000 stems/ha had an average pellet density of 25,244 pellets/ha/month (SE = 8,300, n = 7), but pellet density was reduced to 983 pellets/ha/month (SE = 510, n = 18) when stem cover units were <22,000 stems/ha (Figure 3) . The five microsite grids with the highest pellet density (>23,000 pellets/ha/month) had canopy closure <72% and stem cover units >22,000 stems/ha.
Discussion
Microsite-scale habitat use by snowshoe hares was positively associated with understory cover and negatively associated with canopy closure, suggesting that areas within stands that have dense understories of coniferous and deciduous saplings are important in maintaining high habitat use by hares. Our results at the microsite scale are consistent with results that have been documented at larger spatial scales but suggest that within-patch variability may promote localized use of areas of high stem cover. These dense areas within stands may also promote the ability of hares to browse in close proximity to cover [23] . Dense understories are important to hares because they provide foraging opportunities [24, 26] and are a refuge from predation by species such as lynx that typically do not kill snowshoe hares in stands with the densest understories [16, 17, 50] . Dense stands have been documented to have higher survival rates of hares than open stands, likely a result of increased hiding cover [20] . Woody stems and conifer needles impair visibility and mobility of predators of hares, which were responsible for the majority of hare mortalities in Wisconsin [51] and areas outside of predator exclosures in the Yukon Territory, Canada [50] . Additional evidence to suggest that understory cover is also a primary determinant of stand-scale habitat quality for snowshoe hares was documented in precommercially thinned stands in Maine. Precommercially thinned regenerating clearcut stands were associated with reduced horizontal cover and structural diversity compared to unthinned stands [52] and resulted in snowshoe hare densities <50% of those observed in unthinned stands [53] , despite maintaining similar species composition and forage value. Hares forage on a wide variety of plant and tree species, and evidence suggests that they may select dense understory cover regardless of the plant species composition and food value [22, 24, 26] . As demonstrated in our study, across 25 microsite grids of varying species composition and structure, there was a positive relationship between areas of high relative pellet density and the density of understory saplings.
Within-stand scale habitat use by hares is typically dominated by understory structure and not by canopy closure [21, 28] . Overstory cover is sometimes correlated with habitat use by hares, but most often when it is correlated with understory cover [14, 27] . However, we observed a low ( = 0.32) negative correlation between overhead canopy closure and stem cover units within the microsites that we sampled, suggesting that there may be more complex interactions between understory structure, overhead canopy closure, and within-stand patchiness that may warrant further study.
We acknowledge that pellet density may not provide the most precise indirect measure of relative abundance of snowshoe hares because of temporal changes in hare abundance, pellet loss, and pellet decomposition rates resulting from diet or climate [42, 54] . Despite these limitations, pellet counts from both cleared and uncleared plots have been found to be highly correlated with density of snowshoe hares [42, 46, 54] . We cleared our pellet plots, which have been found to have greater precision on estimates of relative abundance of hares than uncleared plots [45] . Further, we were not using pellet density as an estimate of hare density across stand types but instead used it only to evaluate the relative extent of use of microsite characteristics within stands. Further, we recognize that annual changes in regional and stand-scale hare densities can be caused by extrinsic population processes such as dispersal, climate, and predator-prey dynamics [1, 55] . There is likely to be a great deal of temporal and spatial variation in hare abundance or pellet density that is attributed to factors other than vegetation structure, and we acknowledge that there may be additional factors that we did not measure which could influence pellet density (albeit most would operate at the scales of individual home ranges or broader). As such, we encourage additional studies of hare habitat use during periods of relatively lower hare abundance.
Although our data does not allow us to provide threshold levels of canopy closure or stem cover units, we observed that pellet densities were greater than 23,000 pellets/ha/month at 5 of 5 plots with canopy closure <72% and SCU > 22,000 stems/ha and were <8,000 pellets/ha/month at 12 of 14 plots with canopy closure >76% and SCU < 22,000 stems/ha. We caution that these values are based on data from one study site and could vary based on the addition of additional sites or additional study areas. There could be a threshold response to stem density where, at extremely high densities, hare use could decline. However, we are unable to provide insights into stem densities higher than the values we observed in our study. Stem cover units of 22,000 stems/ha equated to an average density of 6,719 (SE = 1,936) conifer stems/ha, which is very close to the previously recommended minimum of 7,000 conifer stems/ha to maintain high quality habitat for Canada lynx [17] . We note that the recommendation for lynx habitat is based on stand-scale characteristics and that our recommendations for hares in this study are at the microsite level. As such, hares appear to be exhibiting similar patterns of use across scales; however, our findings do not consider landscape-scale effects of matrix quality, which could influence stand structure use by hares at a microsite scale. The recommendations at both the microsite and stand scales are consistent, suggesting that habitat use by hares is strongly associated with conifer and deciduous saplings that are in the stage of stem exclusion and self-thinning with reduced overstory canopies. In the Acadian forest of eastern North America, these stand conditions typically occur 10-35 years following partial or complete overstory removal [17, 34] . We recommend additional work to more specifically elucidate the precise threshold of canopy closure and SCUs for which managers should strive to maximize hare use after forest harvesting.
